In this paper we demonstrate that the QORase from etiolated mung bean sprouts is located 0939-5075/94/0700-0415 $ 06.00 © 1994 Verlag der Zeitschrift für Naturforschung. All rights reserved. mainly in the plastid stroma of cells. This is the first report of the subcellular localization of a QORase. This work can be a basis for further stud ies to elucidate the role of Q O Rase and Q A metabolism in higher plants.
Materials and Methods

Chemicals and plant material
Goat anti-(rabbit IgG) IgG horse-radish peroxi dase (HRP)-conjugate was from BioRad, Munich, Germany. SDS-PAGE molecular mass standards and dialysis tubing were purchased from Sigma, D eisenhofen, Germany. Percoll, Sepharose G-25 medium, Phenylsepharose CL-4B, Blue Sepharose CL-6B, Superose 12 were from Pharmacia, Frei burg, Germany. D E A E cellulose was from Serva, Heidelberg, Germany. Etiolated mung bean sprouts were bought from a local supermarket.
E nzym e assay
Because of problems with the enzyme assay in crude plant extracts described earlier (Kang and Scheibe, 1993), extracts were prepared as fol lows: after homogenization and centrifugation at 20,000xg for 20 min the proteins of the super natant were precipitated with 100% saturated am monium sulfate. After centrifugation at 10,000 x g for 15 min the pellet was resuspended in 50 mM Tris-HCl, pH 8.0, and desalted with a Sepharose G-25 column equilibrated with the same buffer.
Q O R ase activity was determined following the m ethod of Kang and Scheibe (1993), A D PG lcPPase was measured as described by Sowokinos (1976), UD PG lcPPase was assayed as given in Bergmeyer (1974), citrate synthase and a-m annosidase were determined as described in Stitt et al. (1989) . All enzyme assays were performed at 25 °C.
Isolation o f plastids
Etioplasts were isolated from 2 kg sprouts ac cording to the method of Neuhaus et al. (1993), using 35% Percoll each for the isopycnic (30 min) and the rate zonal (25 min) centrifugation step, re spectively. The final etioplast pellet was resus pended in a medium consisting of 0.3 m sorbitol, 15 mM Hepes-KOH, pH 7.2, 1 mM ED TA and 2 mM MgCl2. After removal of an aliquot for pro tein determination, BSA was added to 0.1% final concentration.
Protein determination
Protein determination was performed according to Bradford (1976) using BSA as a standard.
Contamination o f the isolated plastid stroma and estimation o f the Q O R ase localization
The stroma of the isolated plastids was released by ultrasonication with three strokes each for 3 sec and membrane fragments were removed by centri fugation. The following marker enzymes were used (Neuhaus et al., 1993): ADPG lcPPase for plastid stroma, UDPG lcPPase for cytosol, citrate synthase for mitochondria and a-mannosidase for vacuoles. Enzyme activities were measured in the crude extracts (CE) and in the stroma preparation. The percentage of the total activity localized in the plastidic fraction was calculated according to the following equation:
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E nzym e purification
All purification steps were carried out at 4 °C. The enzym e purification was conducted according to the method of Kang and Scheibe (1993) with the following modifications: Crude extract was prepared from 5 kg mung bean sprouts hom ogen ized in one volume of buffer A containing 100 mM Tris-HCl, pH 7.5, 50 mM NaCl, 1 mM EDTA and 28 mM 2-mercaptoethanol, with a Waring blender. The hom ogenate was then centrifuged at 20,000x g for 20 min. For the enzyme assay, the protein in the supernatant was precipitated with 100% satu rated ammonium sulfate and resuspended in buffer B containing 50 mM Tris-HCl, pH 8.0, and desalted through a Sepharose G-25 column equili brated with the same buffer.
For further purification the 30-60% ammonium sulfate fraction was resuspended in buffer B (about 500 ml) and was dialyzed for 36 h against 15 1 of buffer B with three changes. Then the sample was applied to the columns of D E A E cellulose (400 ml bed volume), Phenylsepharose CL-4B (100 ml bed volume), Blue Sepharose CL-6B (60 ml bed volum e) and Superose 12. The D E A E cellulose was eluted using a HighLoad system (Pharmacia, Sweden). All the other chro matography steps were carried out with an FPLC system (Pharmacia, Sweden).
A ntibody production
Purified QORase (about 100 |ig) was dialyzed against 100 ml of 20 mM phosphate buffer, pH 7.4, adjusted with KOH. The dialyzate was then con centrated by ultrafiltration with a Centricon 30 tube (Amicon, Witten, Germany) to about 500 [il and emulsified with com plete Freund's adjuvant (Sigma, D eisenhofen, Germany) to a final volume of 1 ml. The antigen was injected subcutaneously into a 3 kg rabbit. Booster injections (7 0 -9 0 |ig) of the same protein emulsified in incom plete Freund's adjuvant were given subcutaneously in the 4th, 7th and 11th week. 10 days after the final injection, blood was collected from the ear vein. After incubation at room temperature overnight, the clotted blood cells were removed by centrifu gation at 1500x g for 10 min. The crude antiserum was divided into 100 ^1 aliquots, and stored at -8 0 °C.
Electrophoresis and Western blotting
SDS-PAGE was performed with the BioRad (Munich) 2 D mini-gel apparatus with 12% poly acrylamide. The proteins were transferred to nitro cellulose by semi-dry electroblotting at 1 m A /cm 2 for 2 h. After blotting, the gel was stained with Coomassie Brilliant Blue R-250, while the nitro cellulose filter was first blocked with 3% gelatine in Tris-buffered saline and then incubated with the antiserum (1:5000 dilution). For detection, the filter was incubated in goat anti-(rabbit IgG) IgG-horse-radish peroxidase conjugate, BioRad (Munich) (1:2500 dilution). The nitrocellulose membrane was developed with 4-chloro-naphthol and H 20 2. The color reaction was carried out at 37 °C for about 2 -3 min.
Results
Preparative purification o f the QORase
To immunize a rabbit around 100 jig of pure protein is needed for each injection. With the method described by us earlier (Kang and Scheibe, 1993) only a few |ig protein can be obtained. Using the modified method as described in the Materials and Methods section about 8 0 -1 0 0 |ig protein was produced from one batch. This amount was suf ficient to immunize a rabbit.
The results of the purification procedure are shown in Table I . The activities were measured with N A D + as the cofactor and Q A as the sub strate. Compared with the activity of the partially purified preparation (after 30-60% ammonium sulfate fractionation and dialysis) the enzyme was purified about 4710-fold and the final yield was 15%. The yield was better than that described earlier, while the purification was a little lower, but still in the same range as in Kang and Scheibe (1993) (4709-and 5000-fold, respectively).
Production o f a specific antiserum and im m uno detection o f QO Rase
To proof the specificity of the antiserum raised against purified QORase, SDS-PAGE and West ern blotting of QORase preparations was carried Table I . Preparative purification of q u in ate: oxidoreductase from etiolated mung bean sprouts. The purification was carried out according to Kang and Scheibe (1993) using an FPLC system, with modifications as described in the Materials and Methods section. Activities were measured at pH 9.6 with quinic acid as substrate using N A D + as cofactor. out. The result is shown in Fig. 1 . However, it was difficult to see any band with crude extract be cause of the low abundance of QORase. When more protein was applied, the gel was overloaded. With the partially purified (after D E A E Sepha rose) and the purified enzyme preparations iden tical bands at 55 kDa were obtained (Fig. 1) . The molecular mass is in agreement with the earlier result (Kang and Scheibe, 1993). This result indi cates that no unspecific proteolytic degradation has taken place during the purification of the enzyme.
Volume
Localization o f Q O Rase in plastids
Etioplasts were isolated from etiolated mung bean sprouts. The stroma was released by ultrasonication (3 x 3 sec). After removal of membrane fragments by centrifugation the stroma was used for enzyme assays. Measurement of the marker enzymes (values are the mean of three independ ent assays) for other cell compartments resulted in the finding that contamination of the stroma was 0.9% by cytosol using UDPGlcPPase as marker enzyme, 5.6% by mitochondria using citrate synthase as marker enzyme, and 2.1% by the Table II vacuoles using a-m annosidase as a marker en zyme (Table II) . For im m unodetection of Q O R ase in the plastid stroma, the purified etioplasts were lysed by ultrasonication (3 x 3 sec), and the membrane frag ments were removed by centrifugation. About 1 m U Q O R ase activity per slot was applied for SDS-PAGE. Western blotting and imm unodetec tion were carried out as described in the Materials and M ethods section. After blotting the SDS gel was stained with Coomassie Brilliant Blue and re vealed many bands. The heavy band at 66 kDa was due to BSA (66 kDa, Sigma) present in the buffer (Fig. 2) . The Q O R ase band could not be identified among the protein bands, while immunoprinting revealed a single clear band at 55 kDa (Fig. 2) (Table II) .
Discussion
About 91% Q O Rase activity was found in the stroma preparation of the isolated mung bean sprout etioplasts (Table II) In conclusion, this is the first report on the subcellular localization of a QORase in a plant m ate rial. However, from the results obtained with mung bean sprouts it is premature to conclude that Q O Rase is exclusively localized in plastids in all plants. Besides, the modified purification schem e for the enzyme described in this work might be of use to further investigate the proper ties of the QORase also in other tissues.
